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ABSTRACT 

The Group f o r  Lunar E x p l o r a t i o n  P l a n n i n g  (GLEP)  

S i t e  S e l e c t i o n  Working Group r e c e n t l y  s e l e c t e d  a l i s t  o f  n i n e  

p o t e n t i a l  l a n d i n g  s i t e s  for s c i e n c e  o r i e n t e d  m i s s i o n s .  A l l  

o f  t h e s e  s i t e s  were chosen  for t h e i r  s c i e n t i f i c  i n t e r e s t  r a t h e r  

t h a n  on t h e  basis  o f  o p e r a t i o n a l  c o n s i d e r a t i o n s .  Some o f  t h e  

o p e r a t i o n a l  d i f f i c u l t i e s  i n v o l v e d  w i t h  t h e  l a n d i n g  maneuver t o  

e a c h  of  t h o s e  s i t e s  a r e  i d e n t i f i e d .  

The c o n c l u s i o n  i s  t h a t  the demands on  n a v i g a t i o n a l  

a c c u r a c y  and t h e  rough approach  t e r r a i n  t o  t h e  s i t e s  w i l l  d i c -  

t a t e  a change i n  t h e  l a n d i n g  p r o c e d u r e .  
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

A t  a working  g roup  m e e t i n g  o f  t h e  Group f o r  Lunar 
E x p l o r a t i o n  P l a n n i n g  ( G L E P ) ,  i n  December 1 9 6 7 ,  n i n e  s i t e s  o f  
s c i e n t i f i c  i n t e r e s t  were chosen  as p o t e n t i a l  s i t e s  for manned 
l u n a r  e x p l o r a t i o n .  S i t e s  were s e l e c t e d  t h a t  would o f f e r  maxi- 
mum s c i e n t i f i c  r e t u r n  from m i s s i o n s  d u r i n g  t h e  p e r i o d  f o l l o w i n g  
t h e  e a r l y  Apo l lo  l a n d i n g s .  However, l i t t l e  c o n s i d e r a t i o n  was 
g i v e n  t o  o p e r a t i o n a l  f a c t o r s  s u c h  as n a v i g a t i o n  and t r a j e c t o r y  
i n t e r a c t i o n  w i t h  t h e  t e r r a i n .  These f a c t o r s  w i l l  be  d i s c u s s e d  
w i t h  r e f e r e n c e  t o  e a c h  o f  t h e  chosen  s i t e s .  

INFLUENCE OF SITE LATITUDE 

The f i r s t  major  d i f f e r e n c e  between t h e  s i t e s  f o r  t h e  
e a r l y  Apol lo  m i s s i o n s  and t h e  s c i e n c e  s i t e s  i s  t h a t  t h e  r e s t r i c -  
t i o n  on t h e  l a t i t u d e  has been r e l a x e d .  The r a n g e  of  l a t i t u d e s  of  
t h e  n i n e  s c i e n c e  s i t e s  i s  between 26O N and 41' S .  An immediate 
consequence  i s  t h a t  f r e e  r e t u r n  t r a j e c t o r i e s  w i l l  n o t  b e  p o s s i b l e  
i n  most c a s e s .  

The o r b i t a l  i n c l i n a t i o n  o f  t h e  Command and S e r v i c e  
Module (CSM) i s  a f u n c t i o n  of t h e  l a t i t u d e  of  t h e  s i t e  and  t h e  
s u r f a c e  s t a y - t i m e  of t h e  Lunar Module ( L M ) .  For s i m p l i c i t y ,  w e  
assume t h a t  t h e  LM w i l l  n o t  p e r f o r m  a p l a n e  change d u r i n g  l a n d i n g  
or a s c e n t .  An a p p r o x i m a t e  c a l c u l a t i o n  o f  t h e  az imuth  of a p p r o a c h  
o f  t h e  LM t o  t h e  l a n d i n g  s i t e  c a n  t h e n  be  c a r r i e d  o u t  ( A p p e n d i x ) .  
S i n c e  small d e v i a t i o n s  from t h e  c a l c u l a t e d  a z i m u t h  o f  a p p r o a c h  w i l l  
r e s u l t  i n  a la rge  i n c r e a s e  i n  t h e  AV r e q u i r e d  f o r  a n  a b o r t  maneuver ,  
t h e  d i r e c t i o n  o f  t h e  LM approach  i s  r e s t r i c t e d .  The l i b r a t i o n s  
o f  t h e  moon a l l o w  some freedom i n  t h e  c h o i c e  of  a p p r o a c h  
t h e  c o s t  of r e s t r i c t i n g  t h e  m i s s i o n  t o  one or two months 

SITE A N D  APPROACH RAY INFLUENCE 

r a y  a t  
p e r  y e a r .  

I n  c o n t r a s t  w i t h  t h e  e a r l y  Apo l lo  m i s s i o n s ,  t h e  p r i z a r y  
f a c t o r  i n  t h e  c h o i c e  o f  t h e  s c i e n c e  s i t e s  has n o t  been  t h e i r  compat- 
i b i l i t y  w i t h  t h e  LM gu idance  sys t em.  The d e s i r e  t o  i n s u r e  t h e  s a fe ty  
o f  t h e  LM crew u n d e r  c o n d i t i o n s  which a re  n o t  c o m p l e t e l y  d e f i n e d ,  l e d  
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to t h e  c h o i c e  o f  areas which a r e  as f l a t  and h a z a r d  f r ee  as 
p o s s i b l e  f o r  e a r l y  Apo l lo  s i t e s .  Landings  may b e  pe r fo rmed  
a l m o s t  anywhere w i t h i n  t h e s e  a r e a s .  The t e r r a i n  a l o n g  t h e  ap-  
p r o a c h  r a y  t o  e a c h  s i t e  i s  f l a t  and f r e e  o f  l a r g e  c r a t e r s  o r  
h i l l s .  

The major  o b j e c t i v e  o f  e a c h  m i s s i o n  t o  a s c i e n c e  
s i t e  i s  t h e  e x p l o r a t i o n  o f  a number o f  s p e c i f i c  f e a t u r e s  i n  
t h e  ne ighborhood  of  t h e  l a n d i n g  p o i n t .  But t h e  r a n g e  of t h e  
a s t r o n a u t s  i s  l i m i t e d .  Assuming 5 km f o r  t h e i r  maximum r a n g e  
w i t h  a m o b i l i t y  sys t em,  t h e  l a n d i n g  p o i n t  must b e  w i t h i n  t h a t  
d i s t a n c e  from e v e r y  f e a t u r e  of i n t e r e s t .  Only a small  f r a c t i o n  
o f  t h e  area n e a r  t h e s e  f e a t u r e s  may b e  s u i t a b l e  f o r  l a n d i n g .  
S i n c e  s u c h  a r e a s  a re  much s m a l l e r  t h a n  t h e  3 0  e r r o r  e l l i p s e  o f  
t h e  n a v i g a t i o n  s y s t e r n ,  t h e  l a n d i n g  i s  e s s e n t i a l l y  t o  a p o i n t .  
Two r e q u i r e m e n t s  must b e  m e t .  F i r s t ,  t h e  l a n d i n g  p o i n t  must 
q u a l i f y  f o r  a safe  l a n d i n g ,  and second ,  t h e  c a p a b i l i t y  t o  l a n d  
a t  a p r e d e t e r m i n e d  p o i n t  must e x i s t .  ( 5 )  
a t  e a c h  s i t e  i s  d i c t a t e d  by t h e  l o c a t i o n  of  t h e  f e a t u r e s  o f  
i n t e r e s t  and by t h e  r a n g e  o f  t h e  a s t r o n a u t s .  But once  t h e  
l a n d i n g  p o i n t  has been  d e c i d e d  upon t h e  approach  r a y  i s  de t e r -  
mined t o  w i t h i n  a few d e g r e e s .  

Thus,  t h e  l a n d i n g  p o i n t  

Topographic  f e a t u r e s  a l o n g  t h e  approach  p a t h  s t r o n g l y  
i n f l u e n c e  t h e  t r a j e c t o r y  o f  t h e  LM. The v e h i c l e  a l t i t u d e ,  as 
w e l l  as o t h e r  data ,  i s  needed by t h e  g u i d a n c e  s y s t e m  t o  d e l i v e r  
t h e  LM to a p r e d e t e r m i n e d  p o i n t  c a l l e d  h i g h  g a t e .  The g u i d a n c e  
s y s t e m  computes t h e  a l t i t u d e  i n d e p e n d e n t l y ,  based on i n t e g r a t i o n  
of t h e  a c c e l e  a t i o n  data from t h e  I M U .  Bu t ,  as a check ,  i t  u p d a t e s  
t h e  computed v a l u e  p e r i o d i c a l l y  w i t h  a d i r e c t  measurement of t h e  
l o c a l  a l t i t u d e  made b y  t h e  l a n d i n g  radar .  Based on these  and 
o t h e r  data t h e  gu idance  sys tem commands a t h r u s t  and p i t c h  a n g l e  
which would e v e n t u a l l y  b r i n g  t h e  LM t o  h i g h  g a t e .  I f  t h e  I M U  
based and t h e  radar measured a l t i t u d e s  d o  n o t  a g r e e ,  however ,  a 
c o r r e c t i o n  i s  made on t h e  fo rmer  to b r i n g  it n e a r e r  t o  t h e  l a t t e r .  
A s  a r e s u l t ,  t h e  n e x t  p i t c h  and t h r u s t  command w i l l  b e  changed  a l s o .  
A s  t h e  LM g e t s  n e a r e r  t o  h i g h  g a t e  t h e  n e c e s s a r y  c o r r e c t i o n  must be 
made i n  a s h o r t e r  t i m e .  The c o r r e c t i o n s  f o r  a g i v e n  a l t i t u d e  e r r o r  
become more v i o l e n t  as t h e  LM a p p r o a c h e s  h i g h  g a t e .  

T h i s  p r o c e d u r e  i s  wel l  s u i t e d  f o r  f l a t  a p p r o a c h  t e r r a i n ,  
as i s  t h e  c a s e  w i t h  t h e  Apollo s i t e s .  But t h a t  i s  n o t  t h e  c a s e  
w i t h  t h e  s c i e n c e  s i t e s ,  and t h e  p i t c h  v a r i a t i o n s  i n d u c e d  b y  t h e  
t e r r a i n  e l e v a t i o n  d i f f e r e n c e s  may c a u s e  radar  d r o p  o u t ,  loss of  
v i s i b i l i t y ,  or p o s s i b l y ,  c r a s h i n g .  

Thus,  i n  o r d e r  to l a n d  a t  some o f  t h e  s c i e n t i f i c  s i t e s ,  
(5) a change  i n  t h e  l a n d i n g  p r o c e d u r e  may b e  n e c e s s a r y .  
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LIST OF POTENTIAL SCIENCE SITES 

The n i n e  s i t e s  s e l e c t e d  f o r  p o t e n t i - a 1  s u r f a c e  m i s s i o n s  
a re :  

1. C e n s o r i n u s ;  0" 23 '  S ,  32" 3 2 '  E 

2 .  Crater  c h a i n  s o u t h  o f  Abu l feda ;  1 4 "  5 7 '  S ,  1 4 "  1 8 '  E 

3. L i t t r o w  R i l l e s  a r e a ;  31" 4 4 '  N ,  29" 0 2 '  E 

4 .  Hadley R i l l e ;  24"  4 2 '  N ,  2" 57 '  E 

5. Hyginus R i l l e ;  8" 0' N ,  6" 10' E 

6 .  Tycho e j e c t a  b l a n k e t ;  40" 5 4 '  S ,  11" 2 1 '  E 

7 .  Copern icus  

( a )  C e n t r a l  p e a k s ;  9" 43 '  N ,  20"  0' bl 

( b )  Ledge on n o r t h e r n  wal l ;  10" 51' M, 20" 9' W 

8 .  S c h r b t e r ' s  .Valley 

( a )  S o u t h e r n  s i t e ;  2 4 "  20 '  N ,  49"  29' W 

( b )  N o r t h e a s t e r n  s i t e ;  2 5 "  1 2 '  N ,  49" 16' w 
( c )  N o r t h w e s t e r n  s i t e ;  25" 2 8 '  N ,  49" 58 '  W 

9 .  Mar ius  H i l l s  

( a )  14" 35'  N ,  56" 37 '  W 

(b) 1 4 "  00' N, 55" 33 '  W 

( c )  l 3 O  2 4 '  N ,  55" 3 0 '  W 

R e f e r e n c e s  (1) and ( 3 )  d e s c r i b e  t h e  f e a t u r e s  o f  
i n t e r e s t  a t  e a c h  s i t e  and t h e  s c i e n t i f i c  o b j e c t i v e  o f  e a c h  m i s s i o n .  
Based on t h e s e  f e a t u r e s  of i n t e r e s t ,  and  s u b j e c t  t o  m o b i l i t y  
r e s t r i c t i o n s ,  Re fe rence  ( 4 )  g i v e s  j u s t i f i c a t i o n  t o  t h e  c h o i c e  
of  e a c h  l a n d i n g  s i t e .  
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APPROACH RAYS 

A c t u a l  e l e v a t i o n  p r o f i l e s  a l o n g  e a c h  a p p r o a c h  r a y  
a re  n o t  a v a i l a b l e  a t  p r e s e n t .  Thus a p h o t o g r a p h  o f  t h e  prob-  
a b l e  approach  p a t h  (see Appendix) t o  e a c h  s i t e  i s  g i v e n  ( F i g u r e s  
1 t h r o u g h  10). 

Each p h o t o g r a p h  i n c l u d e s  t h e  t r a c e  o f  t h e  30 e l l i p s e ,  
a 1 0  km s c a l e ,  and t h e  sun  a n g l e .  The ma jo r  o b s t a c l e s  are  i d e n -  
t i f i e d .  

C 0 N C LU S IONS 

The d i f f i c u l t i e s  imposed by  t h e  rough  approach  t e r r a i n  
t o  most s i t e s  w i l l  d i c t a t e  some changes  i n  t h e  l a n d i n g  p r o c e d u r e .  
The most i m p o r t a n t  o b j e c t i v e  of  t h e  new l a n d i n g  method must b e  
t h e  independence  o f  t h e  t r a j e c t o r y  from t h e  t e r r a i n  below.  The 
s e c o n d a r y  o b j e c t i v e  i s  to improve t h e  n a v i g a t i o n a l  a c c u r a c y .  

Some u n p u b l i s h e d  work done a t  Bellcorlinl s u g g e s t s  t h a t  
t h e  p o s i t i o n  e r r o r s  a t  t h e  l a n d i n g  p o i n t  due  t o  o r b i t a l  unce r -  
t a i n t y  c o u l d  b e  r e d u c e d .  While t n i s  has l i t t l e  b e a r i n g  on t h e  
A p o l l o  m i s s i o n ,  subsequen t  m i s s i o n s  may b e n e f i t  b y  f u r t h e r  s t u d y  
o f  that praoblern. 

The Lunar O r b i t e r  V photography i s  i n s u f f i c i e n t  i n  a t  
l e a s t  two c a s e s .  Abulferla and  C e n s o r i n u s  a r e  cove red  by a s i n g l e  
f rame and ,  t h u c ,  heigllt i r : f o r m a t i o l i  i s  not a v a i l a b l e .  I n  o t h e r  
c a s e s  ( C o p e r n i c u s  and S c h r U t e r ' s  V a l l e y )  pho tography  o f  t h e  ap- 
p r o a c h  p a t h  d o e s  riot e x t e n d  as  f a r  as d e s i r a b l e  eas t  o f  t h e  s i t e .  

2 0 1 5 - I S--a em I .  S i l b e r s t e i n  

At t achmen t s  
Ac knowledgment 
R e f e r e n c e s  
F i g u r e s  1 t o  1 0  
Appendix 
Tables  1 arid 2 
F i g u r e s  A 1  and A 2  
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L.0.V M.R 63 ."  

CENSORINUS 

( 1) L A N D I N G  POINT. 

( 2 )  CENSORINUS. ( 3 . 5  km diameter)** 

( 3 )  1VIP.SKELYNE A. 

FIGURE 1 

* Lunar O r b i t e r  V ,  Medium R e s o l u t i o n ,  Frame Number 63. 

**  T h i s  i s  a n  o b l i q u e  pho tograph .  The scale i s  v a r i a b l e ,  
and s o  i s  t h e  s u n  a n g l e .  





L . o . ~  N . R  84 .  

A B U L F E D  A 

(1) LANDING POINT. 

( 2 )  ABULFEEA CRATER.  

( 3 )  C R A T E R  C H A I N .  

(11) GENERAL SLOPE IjI' TC LANDING S I T E .  

S U N  ANGLE = 1 7 O  

F I G U R E  2 
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L . 0 . V  M . R  6 6 .  

LITTROW RILLE AREA 

(1) L A N D I N G  POINT. 

( 2 )  LITTROW B CRATEX. ( d e p t h  = 1 km) 

S U N  A N G L E  = 21" 

FIGURE 3 





L.0 .V M.H 105. 

HADLEY RILLE 

(1) L A N D I N G  POINT. 

( 2 )  A P E N N I N E  RIDGE, WESTERN SLOPE. 
( h e i g h t  = 1200 meters) 

( 3 )  A P E N N I N E  RIDGE. 

SUN A N G L E  = 20° 

FIGURE 4 
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L.0 .V M . R  56 .  

HYGINUS RILLE 

(1) L A N D I N G  POINT.  

( 2) H Y G I N U S  CRATiCI?. 
( d e p t h  = 900 mete r s )  

S U N  ANGLE 20' 

FIGURE 5 





L.0.V i'4.R 1 2 6 .  

TY GI10 

(1) L A N D I N G  S I T E .  

( 2 )  TYCHO CRATER. 

S U N  ANGLE = l o o  

FIGURE 6 





L . o . ~  M.R 155.  

CENTRAL PEAKS OF COPERNICUS 

(1) L A N D I N G  POINT. 

( 2 )  CENTRAL PEAKS. 
( h e i g h t  2 . 5  km) 

( 3 )  EAST WALL OF CRATER. 

S U N  ANGLE =: 1 8 O  

FIGURE 7 





L.0.V M . R  155.  

C O P E H N I C U S  CRATER 

(1) LANDING POINT. 

( 2 )  SLUMP B L O C K .  

( 3 )  C R A T E R  WALL. ( 1 0 0 0  meters) 

( 4 )  SLOPE UP TO C R A T E R  WALL. 

S U N  A N G L E  = 18" 

FIGURE 8 





L . o . ~  r4.R 214. 

S C H R ~ T E R ~ S  VALLEY 

(1) a ; b ; c  LANDING S I T E S  I N  ORDER OF PREFERENCE. 

(2) SCHR~TER~S VALLEY = 800 M DEEP. 

( 3 )  CRATER = 800 M DEEP. 

( 4 )  RIDGE = 1 0 0 0  M H I G H .  

( 5 )  TERRAIN SLOPES UP SHARPLY. 

( 6 )  RIDGE = 6 0 0  M H I G H .  

SUN ANGLE = 150 

FIGURE 9 





L . o . ~  M.R 2 0 3 .  

MARIUS HILLS 

(1) a ;b ;c  LANDING SITES I N  O R D E R  OF PREFERENCE. 

( 2 )  STEEP V O L C A N I C  DOMES.  ( h e i g h t  = 5 0 0 )  

S U N  ANGLE = 1 6 O  

FIGURE 1 0  





A P P E ND I X 

A Z I M U T H  OF APPROACH 

The c a l c u l a t i o n s  below are  s u b j e c t  t o  t h e  following 
a s s u m p t i o n s :  

(1) l i b r a t i o n s  are n o t  c o n s i d e r e d ,  and 

( 2 )  t h e r e  i s  no p l a n e  change a t  e i t h e r  l a n d i n g  or 
t a k e - o f f .  

Refer t o  F i g u r e  A-1. 

I n  t h e  pr imed system o f  c o o r d i n a t e s  ( t h e  x' y 1  p l a n e  
c o n t a i n s  t h e  CSPI o r b i t  w i t h  i n c l i n a t i o n  I ) ,  t h e  v e l o c i t y  v e c t o r  
( o f  t h e  C S N )  i s :  

h h - * VI = v ( - i l  s i n e '  + j 1  case' t k '  0 )  

i n  t h e  urnprimsed se t  of  c o o r d i n a t e s  (x y p l a n e  i s  e q u a t o r i a l )  

v - = -i s i n e '  + j case' c o s 1  + k c o s e t  s i n 1  
h h h 

V 

A u n i t  t a n g e n t  t o  any l a t i t u d e  l i n e  i s  

**  A h h - 
T = -i s i n e  + j cose  + k 0 

*- 
V' and v a l e  t h e  same v e c t o r  b u t  e x p r e s s e d  i n  pr imed and 

unprimed c o o r d i n a t e s  r e s p e c t i v e l y .  

0 i s  measured i n  t h e  e q u a t o r i a l  p l a n e  from t h e  l i n e  of nodes .  

* c  
8 '  i s  measured i n  t h e  CSM o r b i t  p l a n e  from t h e  l i n e  of n o d e s .  
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- 
The s c a l a r  p r o d u c t  of  - T y i e l d s  t h e  c o s i n e  of y, t h e  angle 
between them V 

cosy  = s i n e  s i n e '  t cos8 c o s e t  c o s 1  

I f  w e  d e t e r m i n e  t h e  r e l a t i o n  between e and e', cosy may be 
found . 
Using t h e  f o l l o w i n g  r e l a t i o n s :  

x = x' 

y '  = y cos1 + z s i n 1  

= t a n e  X 

- 
= t anL  (where L i s  t h e  l a t i t u d e )  Z 

=  COS^ X 

-dx' + y 2  

and 
t a n  L ( d e f i n i n g  a g r e a t  c i r c l e )  
t a n  I s i n e  = 
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w e  o b t a i n  

s i n 0  cos0  c o s 1  cosy  = 
1 t t a n  2 a 

~- 
2 c o s  I 

Thus,  t h e  az imuth  o f  approach  ( 9 0 "  complement of y )  may be 
found i f  t h e  i n c l i n a t i o n  o f  t h e  CSM o r b i t  and 0 are  g iven .  
But 0 and I a re  r e l a t ed  to t h e  l a t i t u d e  o f  t h e  site and t h e  
s t a y t i m e .  

If $ i s  t h e  a n g l e  o f  r o t a t i o n  of  t h e  moon d u r i n g  the 
s t a y t i m e ,  t h e n :  

And I may now b e  c a l c u l a t e d  b y :  

t a n  L where L i s  t h e  l a t l t u d e  o f  the s i t e .  
t a n  I s i n e  = 

y i s  now d e t e r m i n e d .  



TABLE 1 

INCLINATION OF csr/i ORBITS 

5.- L a t i t u d e  
I 1 

TABLE 2 

Y 

' 3 days i 
I 

1 



VELOCITY VECTOR OF CSM 

/ LPOSITION VECTOR OF CSM 

X , X '  

f3 = SELENOGRAPHIC LONGITUDE OF CSM FROM ASCENDING NODE 

LINE 

X , X '  ARE ALONG THE L I N E  OF NODES. 
PLANE X ' Y '  IS THE PLANE OF THE CSM ORBIT 
PLANE XY IS THE PLANE OF THE LUNAR EQUATOR 

FIGURE A - I  



MOON ' S 
R OTAT I ON 

LATITUDE 

LONGT ITUDE - 
L I N E  

B = ANGLE FROM ASCENDING NODE OF CSM ORBIT TO 
TAKE OFF POINT OF LM 

(90 - 3') = AZIMUTH OF APPROACH 
841 ANGLE OF ROTATION OF MOON DURING STAY T IME 

FIGURE A-2 - AZIMUTH OF APPROACH 
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